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A BRI IR 5E S T B WVE SR R R B T AN
S AR U 5 250, BB A A U/ b H iR e w1k
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AR D, M E R P AR ER . IFERIeT,
¥ ¥ (Paralichthysolivaceus) ¥ [ £ 9 J& Il 58 21 i it =
45 R, H= A K T DHA. il Devresse 4512 Al
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BRI 98 on ik AL (D B4R R 9e 4 AR B g,
T 8 ( Pelteobagrus fulvidraco) B tyr 3& [F %€ 2% | 7R
BORZ, BIREIR S A, 28 FRTR, 8
PR R A AR S 1 a2 R B 5%

238 T 5 ( Cynoglossus semilaevis) W) T.] AL 7 58
b AR rp 28 LD I R A € S Y R, BTG AR AN
PR (5 3R 1 R IR G oo, S BRI R T R NS 43 7
SEREHE ER, A7 B L o8 4 BRI, N [F) A0 55 GE R R
SRR BB G . IR 6 55 % K b 52
U SR Ak, KRIIRE SR A, 20— K
REAST B A5 DLt Bk 5 5 IR ) R Ak, 52 )
P AR R T HE AT A2 R AN S e o B s 2 H AT
F 5% 5 PR 308 1 o 52 T B, 2 T B 3 ) /8 i PR 1 A K
Ti ik o AR Sk B T R A €8 S R R R A R IE
FERRFEAS, SEAT I S P ) LB o i . AR 55
P T T 5 D0 R ) PR Ak A DG 1 2R3k 1 3 AR R 1y D) g
(R, S 2 1 0 S A €8 S5 AL B2 AL 53 17K i S
XHFo

2 MRS

21 BREEES

PR LR T R K 7 3R 5E A IR R 3Rk 3 R R
) 2 Ak 0 T Ak 3R B 2 W i, OF R (0.61+
0.02)kg, P K 9 (28.240.1)em. FHUEE Jy 120 mg/L
F1 1) 520 35 2% R R L T P Rk (MIS-222) (b 5T A% Ak
FE 2 YRR A BN W)t Rk, il K
AR BRIV BY IF S50 10 1 J RO SR AR FEAR, ARICICHR
€2, 38 T2 A9 B Pk 4 U A € R D05 A9 I H R ik 4l
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Fig. 1 The body color feature of the Cynoglossus semilaevis

with no eye side blackened fish
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i A Trizol i5%) ( H A% Takara) #2HUE RNA, 4
& 2100 £E 9 43 BT AX (2 FEARBL 2 28 7], 36 [ 2% v fir
$) T 0FAl RNA Jot s Fk B o TG R ) 22 4k R ik 40
AU FE S BRIC A escl . cse2 T ese3; IE & Rz kAR bt
FRIiC A cshl, csh2 Flcsh3. P74 Illumina HiSeq™
2500( Ilumina 23 7, & H3W AF, A4 e M, 52 ).
FH7 Oligo(dT) 19 % ¥k & % mRNA, # DL R B AL 5 iy
mRNA R 4, 75 6 FE B HL 51 4 & B cDNA 5 —
BE, IR ZE wh . ANTPs(A, U, G, C). # AR
fiti H FIl DNA 2 & i 1 & 1 cDNA % 58 ; # 2 03 #
BRAl AT EB Z2 eI, X PRI 22 5 A XS cDNA
AT AR SRR L AR IE AL i Sk AL BE, SRS
WESRHEAT R Be K/ HE . Bl & U B, JF#E17 PCR Y™
8, DT 58 BUBE AN SCRE 28 TAE . ARAED Rl 0y 2%
PRl 2H 1 PR A5 L (GCA_000523025.1), 5 55 20 W )5
JUT 7= A BB LR B 2 5 BRI A b R4S IR S B
W5, K 5 S5 SR A HEATE 8] LT, RO A5 5%
SRS DAEISE
23 ERRIESHIERBXMESHT

FH bowtie2 B AR 1 18 J5 B Lbox) 21 2 2% 5 R
FF 3, a1 RSEM B, 948 bowtie2 (14 b X} 25 51
PEATGETT, A3 B BEAFE S F X B BN SR AR B A T A5
4 B H, IEX H ST FPKM ## . FPKM 2185 H
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A5 R B B, LR B 2 87 0 % A 3 PR R o)
A5 R Bort B 52, o H iS5 B T 2 PR Rk K
AL AT . F R 1B A edgeR #EAT 22 550 M7, i 1k
) {H M 45 1% & L % ( False Discovery Rate, FDR) /N T
0.05, log,FC(FC k5 56 41 5 %) HE 20 w] 0 & HeAE) K F
1 8¢ log,FC/INT =1, FI 1 B2 IR AR AH ¢ R B A7 A0 O
PR BT, A5G R BORE T 1, 2 AR 5 2 ] kAR 2
PR RLEE R o R DG RBR A T -1~ 1 Z A Y 5
B, A OCME R B T -1~ 0 B, R IR & 2 [ £7 AE
FAH K IC R MAHCVER BN T 0~1 0, R ABHZ
[ A7 AE IE AR DG OC & YA G ME RECH 0 B, 3% Z [H]
AAFAEAH M
24 E5EFE GO M KEGC EERIIAETFIE

FRAE 53 B B By H 22 5 BE R s, BF9 22 R Ak R T
Gene Ontology( {4 #% GO, http://www.geneontology.org/)
g 43 A5 IR 0 . KEGG( Kyoto Encyclopedia of Genes
and Genomes) f2 13 JC 3 [ 19 3 LA L BCHE 1 . 3E
M s M LA KEGG 3 i 0 Bz, o LT
B, HR 25 S B A T T A A R R
Y % . GO & 4 43 #T J7 15 A Hyper-geometric 43 1,
5 KEGG & 4 70 #7 J5 12 — 4, F A% i FDR<0.05
1 GO 2% HAE 4 3 & 4/ GO % H . FDR<0.05 1}
i E R TE 25 S R IR v i 2 AR Y i . TR
Bk 7 5 4 B 35 19 20 2R3 I, 21 25 S5 Rk g
KEGG & £ #U5 K . KEGG & 4 72 Bl i 7 4 A
F . Q value il & 4 2| 1038 % 1 69 3 AN HOR M &
Hop w748 20 B b & B Y 22 S kA B0 S
TRENANBILE., FENFBK, #raE g
JERK . O value 2 it 2 H IR IR EZF B P
value, Q value [ HUEYE A 0~ 1, BE T 0, £R &
EMn . ERENYRRMEE S TIE kAR
B A OC 6 A% FC 5 B, X 6 4% KEGG 1L i} 38 #% 4n
T AR A U R AR T B . HUR BRI ER A G B L O
Bl OE . R 0K A G B 0 B A B A
PPAR 5 5 %
25 1EEEFER qPCR EEWIE

FH qPCR J7 ¥ A i R Ak £ 1E # K K FE A (eshl
csh2 il csh3) F1 B Ak Je Bk AE A4S (esel. cse2 T ese3)
B 3% mRNA 1Kk o SR AL A BAHT R IR
28 ] K% TR $2 BUR 7 £ Al PowerUp-SYBR-Green-Master-
Mix £ 17 mRNA # B F1 qPCR. 7E 42°C Jil #4 2 min,
TEVKIEHIEE 2 min, ATASRIRNA #9355, 76 42°C T

15 min, $EHCE RNA, SRJ5 76 85°C T {£4F 5 min, #f
RNA i# 76 -80°C F . cDNA 4 i 4% & PrimeScript™
RT reagent Kit i 7| & # /F 5 1 #£ 17, cDNA fi# 7 7£
—20°C T4 M. fiiJH] QuantStudio6 Flex SZif PCR R 4¢
(3 B A 45 JE 2 FE BR R B2 28 7)) 78 96 fLAR
Hh 34T qPCR, 2 W R FH 4 20 uL: AceQ® gPCR SYBR®
Green Master Mix (Without ROX) 10.0 pL, Primer 1
(10 pmol/L) 0.4 pL, Primer 2 (10 umol/L) 0.4 uL, cDNA
1.0 pL, ddH,0 8.2 pL, Be il it BE7E VK 58 il o Fong 72
¥ A0 45« 50°C T #4 2 min, 95°C i 44 2 min, B 5 7¢
95°C T, $F4EL 30 s, 58°C 4L 30 s, 95°C #74E 15 s, ik
1140 MG . Bk BB Y R IKACHAE R IEH
B IR R B RE I 3 MR E A, Il
FH 27 97 v mRNA BYAR R k6

3 4%

3.1 RNA-seq #{IEH &

i i RNA-seq, 6 MFEAIL ™ A 416 464 144 4~ it
U85 B, S BUE R AE 10 G 2245 (9208~ 11 897 M),
Q20 F1 Q30 43 %I 1 92% 1l 97% 72 47 . Ui 4% %
B, 6 A S BN i R4, B SR, TEANECR
W 1 PR, T st 4l 500 B 4 1A% 5 96 [ [ S A W 4
ARAF By, B 504 5 i (PRINA665385)
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Table 1 Clean reads output and quality control analysis of six

Cynoglossus semilaevis skin transcriptome sequencing samples

FEA B3t Q0fiE Q30fim GCi= N

wpp BEREEC o Tae T maHve st
cscl 65031 072 9725 97.03 92.20 47.68 0
csc2 73612170 100981 96.83 91.93 48.19 0
csc3 66 089 004 9 886 96.95 91.96 48.81 0
cshl 79 487970 11 897 97.25 92.55 47.61 0
csh2 70 698 406 10 579 97.31 92.72 48.38 0
csh3 61 545 522 9208 97.02 92.04 48.22 0

X} 2H 6 S FE S A RNA-seq 19 1 8 J5 B0 vE 47
LA X geit, 6 AN b 4 2k 8 5 ERE 25 o A 7E
30 772 761~39 743 985 Z [a], ME— Fb X 5] 22 5L [ 41
IR 45 B A 5 L i 7E 76.47%~ 81.36% Z [,
ANRE HX B 22 FE R 2 (A I A 5% H A H (B 4 1)
T3 AL T 20% (£ 2). LA 25 R — 25 U0 6 S HE
1)t 53 2H DU P A5 o ok O, WA — 24
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Table 2 Genomic comparison statistics of six Cynoglossus semilaevis skin transcriptome sequencing samples
BB S ME— LU BB B2 1Y HEXT B 2% SR 24k 1 AELLXT B 27 SL R 4 Y
" = WA 2% FUECH B by 1 WA A% FUBCH S 1 @ % FVECE Mt e
cshl 39 743 985 32 335 924(81.36%) 1897 171(4.77%) 5510 890(13.87%)
cscl 32515536 24 786 485(76.23%) 1 145 579(3.52%) 6 583 472(20.25%)
csh2 35349203 28 571 030(80.83%) 1 563 099(4.42%) 5215 074(14.75%)
csc2 36 806 085 28 143 927(76.47%) 1 482 619(4.03%) 7 179 539(19.51%)
csc3 33 044 502 25 549 970(77.32%) 1369 439(4.14%) 6125 093(18.54%)
csh3 30772761 24 553 311(79.79%) 1291 583(4.20%) 4927 867(16.01%)

32 ERRESTRHEREXESHT

cscl, csc2 Fll cse3 BEAZ [A] AR R BT 0.97~1
ZIa), 2 1, R R Z A IEMCER, FERZ
B Fe kLN TR A I o cshl, csh2 il esch3 R AR 22 (]
FIAHSC R BALF 0.76~1 Z (8], F B AR & 2 [ A7 4% 1

55 csh WYL =2 [H]FB 433 PR Y 2Rk e A e B W 22 S (181 3).
33 £RRIFEEAMNGCGOR KEGCEENHTRERE
Mg EREREGFIE
XoF I HR ) 58 Ak 28 Fn IR AN GF 8 20 K2 Rk 54T GO

FHOG G FR , B i 22 (] e SR XA iR AH OG, HLJE A S el

55 F csc FEAR . escl, csc2 Al csc3 KA Fil eshl, csh2

I esch3 FEAS (9 AH ¢ R BAL T 0.18~0.45 Z (6], KW ese2

At 2 AR TEAR G 56 3R, B b 2 ) A Uk 58 -

A AN (8 2), |g:§ g
K 3a S~ REASTCHR M 2B Ak Bz Bk escl. csc2. csc3 0.36 cshl "oy =

FOTCAR AN E H B2 AR cshl, csh2. csch3 22 0] 22 7 RL [ & 036 | 021 |oal i 0.2 3

H 16654, Hoh RiASEH 497 4, FIRZER 1168 4.

T Aok 2 Sy 0 A 300 SR A T Y T R ) T R A 045 0.32 1045 csh3

Te R AN B8 Ak Kz Jok 1) B S 4 P 5 U8, Wi s 4 B8040 o cscl  esc2  cse3  cshl  csh2  csh3

Pt ﬁ%ﬂ%7ﬂoALuiJi¢AK}cm}cn G/A P2 0 R A G 2 BT A

Fig. 2 Correlation analysis heat map of sequencing samples
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Fig. 3 Volcano map of the number of differentially expressed genes and heat map of abundance of differentially expressed gene between
normal and hypermelanotic skin samples of Cynoglossus semilaevis
a LU AR R N, PR AU DB 4 19 B, Count 2 AR T4 b. Al fUaRZE 21
a. The red dots represent differential expressed genes, the black dots represent the filtered date, Counts is the measured quantity;

b. the vertical one represents genes
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Fig. 4 GO pathways and KEGG pathways analysis of differential expressed genes enrichment annotations of transcriptome sequencing of

normal and hypermelanotic skin of Cynoglossus semilaevis
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6 %3 % ik B 2% S5 e 3 T 10 S FE R R AT E A
FIRGAE . X R AL T e K rp 22 S R GA R
ATARXT IR K28 A B A I, BRAL P 1 75 85 e ik 22
SEFRGA I B Rk 5 RNA-seq & 45 R — 5, &
A A S 2L 7 45 SR T 5 BT 6 AN AEAR, X 6 1
6 3 A% {440 5C mRNA 52 it qPCR 2 15 K6 T 45 5 222 il
LK (E 5), Ho s A oonde, alox15b, pigs2.,
pigis. atplala 76 W L FE A th 34 1 25 22 5% (p<0.05),
HA 4NN R P RIR Y& T XA, B
atplala 2k 16 PBAL 41 R IR AR, M achbd7 3 K W) 7
P AR It 35 25 57 (p>0.05).

4 it

ORI UUE & L A AR B rh iy — 4 &
SR, R SR I AR T L B AR T A RO
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JG RIA 5425 5 5K 500 25 R 35 — B, 4300
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Fig. 5 Box plot of qPCR expression results of 6 candidate
body color-related mRNAs in 6 sequencing samples of Cyno-
glossus semilaevis
A, CSC AR 1 70 # J UK T 3 %o B AL 2 B 45 5, 1 68 CSHAR
P T 088 1 ik AL 5 R AT X 3 2
The CSC represents the relative expression in skin of normal C. sem-
ilaevis in the control group, and the CSH represents the relative
expression in the skin of hypermelanotic C. semilaevis in the experiment-

al group

BB HE Y . B S(TXNDCS),
JEITAR R B PDI G Bt 2 —, HA BT A
AR50 AR S A R 0 R A TR . S 5 iR
it . Be AU A Z R A W T g, ALOX15B J& 46
A= DU R 15 IR SECA T, e B Y 3 I g S 2 5 IR
17 R A ek AR A A 7 1 4 A G B A 1l £ 2 Bk XU
S Y AR S Tl ST A D, HL T G B 1) 2 1 B (SR AR
A O TR e Ak Ry 15S -5t 48 — Bk DU A R U, PT-
GS2 JEHIFI MR R N i A AL & Tl 2, SURRER N A g 2,
B AR A VAR TR (AA) 5 46 R H 91 R 2% (PGs) Y OC
fitf . FEHTH AR R A B R AR AR, ATk AA PR
A4Sl PGs 25721114, 1% 88 PGs 2 5 4 5 AL ) £ Fif
Az R, R R IG RS AR ) S R G RN S B SC I Y
HEA TZ —, TRV NG R L G R 4 4 A 4y i
HH AR FHw0, PTGIS 2 Rif 1) 3R & & BiF, 2 40 0
52 P450(CYP450) M 55 1 8 1 (CYP8) B b, /2
AA ) FEZ o0, #F5E & B, PTGIS TE1F £ A4 B AN
g B o B bl 2 AR D, %R TN g B T S IR R
12 &, I ET 51 I R 12(PGI2) B4 . atpla2

J&= ATP i} A2 W57, 1 JE A g 8 1) 2 11 Bt s 1 P AR
FH e 7, iz ATP B 5% A Na'/K'-ATP i 7 5 5

XSAZEFHEEPA IANEEE S AAAG—ER
B 561, B ALOX15B & AAILS Ji§ & & i, PTGS2 2
AA ALl PGs 1) SCHERE, PTGIS /2 AA 19 E 21 .
AA E—FA AR DT R, AR B A2(Phospholipase
A2, PLA2) AL ik, 7T 38 i 2R 4 & i ( Cyclooxygenase,
COX). Jg % & I ( Lipoxygenase, LOX) 55 CYP450 &
BRI Y. TR Ka2Eh, AA FEFEAK.
FETE VT g L BON M B AR D I kA AR
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Identification of genes related to blind side hypermelanosis of Cynoglossus
semilaevis based on skin transcriptome sequencing

Zhao Na'?, He Xiaoxu?*, JiaLei’?, Zhu Chunhua', Zhang Bo"?

(1. College of Fisheries, Guangdong Ocean University, Zhanjiang 524025, China; 2. Tianjin Fisheries Research Institute, Tianjin 300457,
China; 3. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean University,
Shanghai 201306, China; 4. Tianjin Agricultural University, Tianjin 300384, China)

Abstract: Cynoglossus semilaevis as a representative species of Pleuronectiformes, is an important marine econom-
ic fish in Chinese coastal areas. The abnormal body color of C. semilaevis has been perplexing the practitioners for
a long time. There are many reasons leading to abnormal body color, among which the genetic factors are thought to
be the most fundamental reasons. The present researches on hypermelanosis of the blind side of C. semilaevis
mainly focus on environment, nutrition, physiology, cloning of known pigmental genes and so on, while the dig-
ging of new funtional genes is still lacking. In this study, skin samples with different colors of C. semilaevis are se-
lected for transcriptome sequencing. Through GO and KEGG functional enrichment and comparative analysis of
different genes, differential expressed genes are screened in six melanogenesis-related KEGG pathways and the top
ten genes are verified by qPCR. In this study, we find five functional genes with significant changes in the hyper-
melanotic skin on the blind side of C. semilaevis, which refer to txndc, alox15b, ptgs2, ptgis, and atpla2a (p<0.05).
The expression levels of txndc, alox15b, ptgs2, and ptgis genes in the melanization group are higher than those in
the control group. In terms of function, three of these five genes are related to arachidonic acid (AA) to some ex-
tent. This provides theoretical support for the hypothesis that nutritional regulation related to unsaturated fatty acids

may be involved in the molecular mechanism of abnormal body color in C. semilaevis.

Key words: skin; Cynoglossus semilaevis; hypermelanosis; arachidonic acid; transcriptome
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